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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. Patent Application of ) 

SATO et al. ) 

Application Number: To be assigned ) 

Filed: Concurrently herewith ) 

For: Semiconductor Integrated Circuit and ) 
Method for Designing Logic Integrated ) 
Circuit ) 

Honorable Assistant Commissioner 

for Patents 
Washington, D.C. 20231 

PRELIMINARY AMENDMENT 

Sir: 

Applicants have amended the claims in order to remove the multiple dependencies 
contained therein in accordance with standard U.S. practice, thereby reducing the basic filing fee. 
No new matter lias been added to the application as a result of this amendment. Prior to an 
examination on the merits, please amend the above-identified application as follows: 

IN THE CLAIMS : 

Please substitute claims 3 and 4 currently on file with the following amended claims. 

3 . (Amended) A semiconductor integrated circuit according to claim 1 , wherein the storing 

means are a volatile memory. 

4. (Amended) A semiconductor integrated circuit according to claim 1, wherein the variable 
address converting means comprise: a memory array in which a plurality of memory ceils 
are arranged in a matrix shape; an address decoder that selects the memory cells in the 
memory array based on an input address signal; reading means that amplify a signal read 



from the memory array; and operating means that update the input address signal based 
on a control signal. 

Please add ihe following new claims: 

(Added) A semiconductor integrated circuit according to claim 2, wherein the storing 
means are a volatile memory. 

(Added) A semiconductor integrated circuit according to claim 2, wherein the variable 
address converting means comprise: a memory array in which a plurality of memory cells 
are arranged in a matrix shape; an address decoder that selects the memory cells in the 
memory array based on an input address signal; reading means that amplify a signal read 
from the memory array; and operating means that update the input address signal based 
on a control signal. 

(Added) A semiconductor integrated circuit according to claim 3, wherein the variable 
address converting means comprise: a memory array in which a plurality of memory cells 
are arranged in a matrix shape; an address decoder that selects the memory cells in the 
memory array based on an input address signal; reading means that amplify a signal read 
from the memory array; and operating means that update the input address signal based 
on a control signal. 

(Added) A semiconductor integrated circuit according to claim 17, wherein the variable 
address converting means comprise: a memory array in which a plurality of memory cells 
are arranged in a matrix shape; an address decoder that selects the memory cells in the 
memory array based on an input address signal; reading means that amplify a signal read 
from the memory array; and operating means that update the input address signal based 
on a control signal. 



REMARKS 

Applicant has amended claim 3 and added claim 17, and amended claim 4 and added 
claims 18, 19 and 20. Applicants have amended the claims in order to remove the multiple 
dependencies contained therein in accordance with standard U.S. practice, thereby reducing the 
basic filing fee. No new matter has been added to the application as a result of this amendment. 

In view of the above amendments and Applicants' comments stated herein, Applicants 
respectfully request an early and favorable action on the merits. 

Respectfully submitted, 



Stanley P. Fisher 
Registration Number 24,344 
REED SMITH HAZEL & THOMAS LLP JCTftM c 

3110 Fairview Park Drive Eegisirs.-^ Kc. 84,0/2 

Suite 1400 

Falls Church, Virginia 22042 
(703) 641-4200 

August 29, 2001 
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Marked-up Version of Claims 



CLAIMS: 

1. A semiconductor integrated circuit, comprising: 
storing means that enables reading and writing; 
comparing means that compare write data supplied to the 

storing means with data read from the storing means; and 

variable address converting means that convert an address 
signal supplied to the storing means based on a comparison result 
in the comparing means, wherein an input signal of a logic circuit 
having a desired logical function is input as the address signal 
to the storing means, and wherein the data is written to the 
storing means so that the read data of the storing means can 
be obtained as an expected output signal with respect to the 
input signal of the logic circuit. 

2. A semiconductor integrated circuit according to claim 
1, wherein a plurality of the storing means, a plurality of the 
comparing means, and a plurality of the variable address 
converting means are provided on a single semiconductor chip. 

3. A semiconductor integrated circuit according to claim 
1 &¥— Sr, wherein the storing means are a volatile memory. 

4 . A semiconductor integrated circuit according to claim 
1, ,Qn — &-£~~L^ wherein the variable address converting means 
comprise: a memory array in which a plurality of memory cells 
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I { SPECIFICATION 
TITLE OF THE INVENTION 

SEMICONDUCTOR INTEGRATED CIRCUIT AND 

METHOD FOR DESIGNING LOGIC INTEGRATED CIRCUIT 

TECHNICAL FIELD 

The present invention relates to the design of a 
semiconductor integrated circuit, and, more particularly, to 
an effective technique used for a construction system of a logic 
integrated circuit. 

BACKGROUND ART 

In recent years, the development, that is, design through 
its trial manufacture of a logic integrated circuit has been 
being performed in accordance with the procedure shown in Fig. 
15. That is, in the development of the logic integrated circuit , 
as shown in Fig. 15, first, the functional design of the logic 
integrated circuit to be realized is performed. Next, a 
designed function is described in language , such as HDL (hardware 
description language) . Further, the design data (HDL 
descriptive statement) described in this HDL is stored as a data 
file in a storage device , such as a hard disc . Besides, regarding 
an HDL description, a support tool (program) that automatically 
creates the HDL descriptive statement from a state transition 
drawing and a flowchart is offered by EDA (engineering design 



automation) vendors. 

Next, the design data described in the HDL is verified 
with a verification program called a test vector as to whether 
an operation is appropriate. If a defect is detected by- 
verification, the HDL descriptive statement is modified. 

Subsequently, the design data described in the HDL is 
converted to the design data of a logic gate level with a program 
called a logic synthesis tool. Such logic synthesis tool is also 
offered by multiple EDA vendors. The design data of a generated 
logic gate level is re-verified with the test vector. The ratio 
of failure detection at this time is 95% or more, for example. 
When a defect is found by the verification, the design data of 
the logic gate level is modified. 

In the next place, based on the design data of the logic 
gate level, layout data of an element level is generated with 
a program called an automatic layout tool. Such automatic 
layout tool is also offered by multiple EDA vendors. An actual 
load simulation is run on the generated layout data according 
to the test vector including a wiring time delay or the like, 
and inappropriate places are modified and optimized. 
Subsequently, mask pattern data is generated by artwork based 
on the generated layout data and a mask is created based on this 
data . 

Subsequently, a logic integrated circuit is formed on a 
semiconductor wafer according to the pre-process. The wafer is 
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cut into each chip and sealed with a sealing material, such as 
resin and assembled into a package. However, in such design and 
manufacturing systems as above, since the design data in several 
stages is created via many design processes until the logic 
integrated circuit is completed as the final logic integrated 
circuit device, the data increases in quantity. Further, since 
a system on chip in which the entirety of a system is constructed 
on a single semiconductor chip is constructed by using various 
function circuit blocks, turn around time of the verification 
and modification of the design data is increased, thereby raising 
a great problem in design. 

Further, in the conventional design technique, as an 
element is scaled down, the number of masks used for 
manufacturing a single semiconductor integrated circuit (also 
called IC) increases, and an expensive manufacturing apparatus 
is required for microf abrication, thereby increasing design and 
manufacturing costs and decreasing a yield. 

Moreover, in the conventional design technique, since an 
individual mask must be fabricated for each product, the period 
required for the development of a new product is prolonged. 
Further, in the microf abrication of deep submicron (less than 
0.1 Aim) that will be estimated to be realized in future, an SOR 
(synchrotron) apparatus is required. Accordingly, in a single 
semiconductor device manufacturer, the investment becomes 
difficult and an amount of investment for the microf abiracation 



is approaching to the limit. 

An object of the present invention is to provide a design 
technique of a logic integrated circuit that can greatly reduce 
a design man-hour and a development period. 

Another object of the present invention is to provide a 
logic integrated circuit of which the function can easily be 
modified as needed. 

A further object of the present invention is to provide 
a logic integrated circuit that can construct a normal function 
by substituting for a defect even if there is the defect in some 
elements of a finished product. 

The aforementioned and other objects of the present 
invention and its new characteristics will be evident from a 
description of this specification and appended drawings. 

DISCLOSURE OF THE INVENTION 

An outline of the typical invention among the inventions 
disclosed in this application is described below. 

That is, a logic integrated circuit having a desired 
logical function is constructed by decoding design data of a 
function level described in language, such as HDL in a control 
circuit using a self-construction circuit formed into a 
semiconductor integrated circuit that can construct optional 
logic and assigning a signal that decides the logical 
configuration of the self-construction circuit from the control 
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circuit to the self -construction circuit. 

The self-construction circuit includes a memory circuit 
that enables reading and writing, a comparator that compares 
write data supplied to the memory circuit and data read from 
the memory circuit, and a variable address conversion circuit 
that converts an address signal supplied to the memory circuit 
based on a comparison result in the comparator, and data is 
written to the memory circuit so that an input signal of a logic 
circuit having a desired logical function is used as the address 
signal to the memory circuit and the read data of this memory 
circuit will become an expected output signal against the input 
signal of the logic circuit. 

HDL has a similar structure to that of existing general 
program language, and software that performs logic synthesis 
based on design data of a function level described in the HDL, 
that is, the HDL descriptive language and software that converts 
the logically synthesized design data to design data of a logic 
gate level have already been developed, Accordingly, a control 
circuit for generating a signal that decides the logical 
configuration of the self-construction circuit based on the 
design data of the function level can be fully realized using 
the current technique. 

According to the design technique, in the development of 
a logic integrated circuit, since only a HDL descriptive 
statement may be created and the logic synthesis based on the 
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HDL descriptive statement and its verification and the 
conversion of logically synthesized design data to design data 
of a logic gate level and its verification are not required, 
a designing turn around time and a development period can greatly 
be reduced. Further, since a support tool (program) that 
automatically creates the HDL descriptive statement from a state 
transition drawing and a flowchart is offered by EDA vendors, 
the HDL descriptive statement is also comparatively easily 
created . 

Further, since the present invention constructs logic 
using a self-construction circuit having a memory circuit that 
enables reading and writing, a logical function can be changed 
by rewriting the memory circuit and a logic integrated circuit 
of which the function change is easy can be realized as needed. 

Moreover, since the self-construction circuit has a 
comparator that compares the write data supplied to the memory 
circuit and the data read from the memory circuit and a variable 
address conversion circuit, a conversion address of the variable 
address conversion circuit can be constructed performing the 
self-verification of logic to be constructed. Further, if the 
memory circuit contains a defective part, the logic can be 
constructed avoiding the defective part and using only a normal 
area. Accordingly, even if there is a defect in some elements, 
a normal function can be constructed by automatically avoiding 
it. 
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Besides, the control circuit that decodes design data of 
a function level may also be constructed as a semiconductor 
integrated circuit that differs from the self-construction 
circuit, or may also be constructed on a single semiconductor 
chip by being integrated with the self-construction circuit. 
When the control circuit that decodes the design data of the 
function level and the self-construction circuit are integrated, 
even a storage that stores the design data of the function level 
ought to be integrated. 

Consequently, a self -construct ive logic integrated 
circuit having a desired logical function by its own judgment 
and processing can fully be realized by merely storing a design 
statement described at a function level in the storage. Further, 
a part of the area of the memory circuit that constructs the 
self-construction circuit can also be used as a storage area 
in which the design data of the function level is stored. For 
example, the design data of the function level described in the 
HDL can sufficiently be stored in the memory circuit formed in 
a semiconductor integrated circuit, since the data amount is 
about one tenth, compared with the design data of a logic gate 
level . 

Further, if a constructing logical function contains not 
only a combinational circuit but also a seguential circuit, as 
the self-construction circuit, in addition to the memory circuit 
that enables reading and writing described above, a comparator 
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that compares the write data supplied to the memory circuit and 
the data read from the memory circuit, and an address conversion 
circuit that converts an address signal supplied to the memory 
circuit based on the comparison result in the comparator, a data 
storage circuit that holds the data from the memory circuit and 
a switch matrix circuit that switches the data held in the data 
storage circuit to the address signal input to the address 
conversion circuit may be provided- Accordingly, the 
sequential circuit that contains a latch circuit, such as a 
flip-flop can be constructed. 

As the language that describes the design data of the 
function level, for example, the HDL can be used. As the memory 
circuit that enables reading and writing contained in the 
self -construction circuit, a volatile memory, such as a DRAM 
(dynamic random access memory) or SRAM (static random access 
memory), is desirable. However, an electrically write-enable 
and erasable nonvolatile memory device (EEPROM: electrically 
erasable programmable read-only memory) may be used. By using 
the volatile memory, a surplus voltage step-up circuit needs 
not to be provided and low voltage drive is enabled. Further, 
if the DRAM is used instead of the SRAM, an occupied space is 
reduced with respect to the same storage capacity and a chip 
size can be reduced. On the other hand, if the SRAM is used 
instead of the DRAM, there is an advantage that the refresh 
operation peculiar to the DRAM is not required. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a flowchart showing a development procedure of 
a logic integrated circuit to which the present invention 
applies ; 

Fig. 2 is a block diagram showing a first embodiment of 
a self-construction circuit that enables a design technique 
according to the present invention; 

Fig. 3 is a block diagram showing a specific example of 
a variable address conversion circuit contained in the 
self-construction circuit of the first embodiment; 

Fig. 4 is a logical configuration drawing showing a 
specific example of a comparator contained in the self- 
construction circuit of the first embodiment; 

Fig. 5 is a flowchart showing a method for changing a 
conversion address in the self-construction circuit of the first 
embodiment ; 

Fig. 6 is an explanatory drawing showing an example of 
a logic gate circuit constructed by the self-construction 
circuit of the first embodiment and its HDL descriptive 
statement ; 

Fig. 7 is a block diagram showing an example of a system 
that constructs a logic circuit of a desired logical function 
in accordance with the HDL descriptive statement using the 
self-construction circuit of the first embodiment; 
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Fig. 8 is a block diagram showing a second embodiment of 
the self-construction circuit that enables the design technique 
according to the present invention; 

Fig. 9 is a circuit block diagram showing a specific 
example of a variable switch circuit contained in the self- 
construction circuit of the second embodiment; 

Fig. 10 is a logical configuration drawing showing a 
specific example of a data storage circuit contained in the 
self -construction circuit of the second embodiment; 

Fig. 11 is an explanatory drawing showing a flip-flop 
circuit as an example of the logic circuit constructed by the 
self-construction circuit of the second embodiment and its HDL 
descriptive statement; 

Fig. 12 is a flowchart showing an outline of the processing 
procedure in a controller when a desired logic circuit is 
constructed using the self-construction circuit of the first 
or second embodiment; 

Fig. 13 is a block diagram showing a third embodiment of 
the self-construction circuit that enables the design technique 
according to the present invention; 

Fig. 14 is a block diagram showing a fourth embodiment 
of the self-construction circuit that enables the design 
technique according to the present invention; and 

Fig. 15 is a flowchart showing a development procedure 
of a conventional logic integrated circuit. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

Ideal embodiments of the present invention are described 
below with reference to the drawings. 

Fig. 1 is a flowchart showing a development procedure of 
a logic integrated circuit to which the present invention 
applies . 

First, the functional design of the logic integrated 
circuit to be realized is performed (step SI) . Next, the 
designed function is described (step S2) in language, such as 
HDL and stored in a storage device, such as a hard disc as a 
data file (step S3) . Besides, regarding an HDL descriptive 
statement, as described previously, since a support tool that 
automatically creates the HDL descriptive statement from a state 
transition drawing and a flowchart is offered by EDA venders, 
the statement ought to be created using such tool. 

Next, the design data described in HDL is verified as to 
whether an operation is appropriate with a verification program 
called a test vector (step S4) . If a defect is detected by the 
verification, the design data described in the HDL is modified. 

Subsequently, the logical function described in the HDL 
is constructed using the self -construct ion circuit formed as 
a semiconductor integrated circuit (step S5) . Since a logic 
integrated circuit having a desired function can be obtained 
according to the procedure, a development period can greatly 
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be reduced. 

Fig. 2 shows a block diagram of a first embodiment of the 
self-construction circuit that enables the design technique 
according to the present invention in accordance with the 
flowchart of Fig.l. Besides, each circuit block shown in Fig. 
2 is formed on a single semiconductor chip, such as a single 
crystal silicon, by known semiconductor manufacturing 
technique . 

In Fig. 2, 10 is a read- and write-enable memory circuit 
having almost the same configuration as a known general-purpose 
DRAM (dynamic random access memory) or SRAM ( static random access 
memory) . 

That is, the memory circuit 10 is provided with a memory 
array 11 in which multiple memory cells are arranged in a matrix 
shape, multiple word lines and multiple data lines are arranged 
in a matrix shape, the memory cells on the same line are connected 
to the corresponding word lines respectively, and the memory 
cells on the same column are connected to the corresponding data 
lines respectively, an address decoder 12 that decodes a supplied 
address signal and sets the corresponding single word line of 
the memory array 11 to a selected level, a sense amplifier circuit 
13 that amplifies the potential read from the memory cell 
connected to a selected word line to a data line, and a write 
and read control circuit 14 that controls operation timing, such 
as the sense amplifier circuit 13 based on a chip selection signal 
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CE and a write control signal WE. 

The self -construction circuit of this embodiment, in 
addition to the memory circuit 10, comprises: an input/output 
& comparator 2 0 that fetches write data input from the external 
of a chip, transfers it to the sense amplifier circuit 13, outputs 
the data read from the memory circuit 10 to the external of the 
chip, and compares the read data with the data input from the 
external of the chip; and a variable address conversion circuit 
30 that converts an address signal input from the external of 
the chip in accordance with a comparison result in the 
input/output & comparator 20 and supplies it to the address 
decoder 12. 

Reference numeral 41 is an address input terminal to which 
the address signal from the external of the chip is input and 
42 is a data input/output terminal that outputs the read data 
from the memory circuit to the external and inputs the write 
data from the external. 

Fig. 3 is a block diagram showing a specific example of 
the variable address conversion circuit 30 contained in the 
self-construction circuit of the embodiment of Fig. 2. This 
variable address conversion circuit 30 has almost the same 
circuit configuration as the memory circuit 10 of Fig. 2. 

That is, the variable address conversion circuit 30 is 
provided with a memory array 31 in which multiple memory cells 
are arranged in a matrix shape, multiple word lines and multiple 
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data lines are in a matrix shape, the memory cells on the same 
line are connected to the corresponding word lines respectively, 
and the memory cells on the same column are connected to the 
corresponding data lines respectively, an address decoder 32 
that decodes the address signal supplied to the input terminal 
41 from the external and sets the corresponding single word line 
of the memory array 31 to a selected level, a sense amplifier 
circuit 33 that amplifies the potential read from the memory 
cell connected to the selected word line to the data line, and 
a write control circuit 34 that controls the operation timing 
of the sense amplifier circuit 33 based on a comparison result 
signal CM from the input/output & comparator 20. 

Although not shown, the address decoder 32 includes an 
incrementor that increments a decoder and an address to be 
decoded based on the comparison result signal CM or an arithmetic 
unit. Further, an incremented value is stored in the memory 31 
and the storage capacity of 31 may be also reduced. 

Fig. 4 shows a specific example of the input /output & 
comparator 20 contained in the self -const ruction circuit of the 
first embodiment. 

As shown in Fig. 4, the input /output & comparator 20 
comprises: a switching means 21 that is controlled with a 
comparison instruction signal CC supplied from the write and 
read control circuit 14 provided between a signal line 51 
connected to the output terminal of the sense amplifier 13 and 
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a signal line 52 connected to the data input/output terminal 
42; a NAND gate circuit 22 that uses a read signal from the sense 
amplifier circuit 33 and the comparison instruction signal CC 
supplied from the write and read control circuit 14 as input 
signals; an exclusive OR gate circuit 23 that uses an output 
signal of the NAND gate circuit 22 and a signal input from the 
data input/output terminal 42 as inputs; and an OR gate circuit 
24 that uses output signals of the multiple exclusive OR gate 
circuits 23 as inputs. 

That is, a comparator having the switching unit 23, the 
NAND gate circuit 22, and the exclusive OR gate circuit 23 is 
provided in each data input/output terminal 42. The output 
signal of the exclusive OR gate circuit 23 in each comparator 
is input to the OR gate circuit 24 and the output signal of the 
OR gate circuit 24 is supplied to the variable address circuit 
30 as the comparison result signal CM. Besides, although not 
shown, an input buffer and an output buffer connected in common 
to the data input/output terminal 42 may be also provided at 
the signal line 52 side. 

Next, the method for changing a conversion address in the 
self-construction circuit of the embodiment is described using 
the flowchart shown in Fig. 5. Besides, before the flowchart 
shown in Fig. 5 is started, in the address conversion circuit 
30, an address that corresponds to each number of the memory 
circuit 10 is stored in each address of the memory array 31 by 
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initial set processing or the like. 

When an address signal is input from the address input 
terminal 41 from the external, the address decoder 32 of the 
variable address circuit 30 decodes the address signal. The 
corresponding word line of the memory array 31 is set at a 
selected level and the previously stored address data is output, 
that is, address-converted (step Sll) . The read address data 
is amplified by the sense amplifier 33 and supplied to the address 
decoder 12 of the memory circuit 10. The address decoder 12 
decodes the supplied address and sets the corresponding word 
line at the selected level, and then, writes the data input from 
the external to the memory cell via the input/output & comparator 
(step S12) . 

Next, the write data is read from the memory array 11 (step 
S13) . The read data is amplified by the sense amplifier 13 and 
supplied to the input/output & comparator 20. At this time, the 
write data that is input when the data is written is input to 
the data input/output terminal 41. Accordingly, the 
input/output & comparator 20 compares the data read from the 
memory array 11 with the write data input to the data input/output 
terminal 41 and outputs the comparison result signal CM 
indicating a match or mismatch to the write control circuit 34 
of the variable address conversion circuit 30. 

Subsequently, the write control circuit 34 decides whether 
writing is normally performed or not referring to the comparison 
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result signal CM (step S14) . Hereupon, when the write control 
circuit 34 decides that the writing is not successful, a signal 
is sent to the address decoder 32 and an internal incrementor 
is operated, and then an input address signal is incremented 
(step S15) . Hereupon, this incremented address is supplied to 
the address decoder 12 and decoded, and the next word line of 
the memory array 11 is set at a selected level. Then processing 
returns to the step S12 and the data input from the external 
is written to a selected memory cell connected to the word line 
via the input/output & comparator 20. 

Next, the write data is re-read from the memory array 11 
and compared by the input/output & comparator 20 with the data 
input to the data input/output terminal 42 from the outside. 
Subsequently, when both data match, the write control circuit 
34 outputs a write end signal WF to the external and the data 
write operation for one address terminates (step S16) . When an 
external control circuit receives the write end signal WF, the 
next address signal is generated and input to the address input 
terminal 41. In response to this, the write control flow of Fig. 
5 is restarted from the step SI and the next address write 
processing is executed. 

As described above, in this embodiment, the write data 
is read after the data is written and whether the data is normally 
written is decided. If an error is detected in the decision, 
an address is updated and the data is written to the next address 
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position. Accordingly, even if there is a defect in the memory 
array 11, the address is automatically skipped and the data is 
written to the next address. Thus, in the self -construction 
circuit of this embodiment, there is an advantage that all the 
memory cells of the memory array 11 need not to be normal, and 
previous test whether there is a detective bit in the memory 
array 11 is not needed. 

Besides, in the above embodiment, the case where writing 
is performed by deciding whether there is a defect in the memory 
array 11 or not is described. The output signal line of the sense 
amplifier 33 in the variable address conversion circuit 30 of 
Fig. 2 is constructed so as to be supplied to the input/output 
& comparator 20 as well as the address decoder 12 of the memory 
circuit 10. Subsequently, the normality or abnormality of the 
write data to the memory array 31 is decided in the same manner 
as described above and an address is skipped in case of the 
abnormality. Accordingly, even regarding the memory array 31, 
all the memory cells need not to be normal, and previous test 
that there is a defective bit in the memory array is not needed. 

Fig. 6 shows an example of the logic gate circuit 
constructed by the self-construction circuit of the first 
embodiment and the HDL descriptive statement. Further, Fig. 7 
shows an example of a system that constructs a logic circuit 
having a desired logical function in accordance the HDL 
descriptive statement using the self-construction circuit of 
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the first embodiment. 

In Fig. 7, reference numeral 100 is the self -construction 
circuit of the embodiment and 200 is a storage unit (file) that 
stores the design data described in the HDL, as described in 
Fig. 6. Reference numeral 300 is a controller that forms a signal 
for decoding the HDL descriptive statement stored in the file 
and constructing the corresponding logical function in the 
self -construction circuit 100. This controller 300 can be 
constructed using a general-purpose microcomputer, for example. 

Next, a method of a specific logical configuration is 
described quoting the NAND gate circuit of Fig. 6 as an example. 
First, the controller 300 decodes the HDL descriptive statement 
and recognizes that a configuration object is a NAND gate circuit . 
For example, combinations "0, 0", "1, 0", "0, 1", and "1, 1" 
of input signals InO and Inl listed in the truth table of the 
following Table 1 are generated as the address signals supplied 
to the self-construction circuit 100. 

Subsequently, these generated address signals are 
assigned to the address input terminal 41 (refer to Fig. 2) of 
the self-construction circuit 100. Simultaneously, the 
controller 300 generates the data that corresponds to the output 
OutO of the truth table as the write data that corresponds to 
each of the addresses and the write data is assigned to the data 
input/output terminal 42 in parallel to the input of the address 
signal with time. 
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Hereupon, in the self-construction circuit 100, the data 
is written to the memory circuit 10 in accordance with the 
procedure described using the flowchart of Fig . 5. Accordingly, 
after writing terminates, when the input signals InO and Inl 
of the NAND gate are input to the predetermined address input 
terminal circuit 41 of the self -construction circuit 100, the 
corresponding data stored in the memory circuit is read and the 
signal that corresponds to the output OutO of the NAND gate 
circuit is output from the predetermined terminal of the data 
input/output terminal 42. When the self-construction circuit 
of the embodiment of Fig. 2 is used in this manner, a desired 
logical function will be realized by writing data to the memory 
circuit 10 in accordance with the HDL descriptive statement. 



Table 1 



InO (In2) 


Inl (In3) 


OutO (Outl) 


0 


0 


1 


1 


0 


1 


0 


1 


1 


1 


1 


0 



When only a 2-input NAND gate circuit as described above 
is constructed using the self -construction circuit of Fig. 2, 
the input address signal may be two bits. Accordingly, the 
address decoder 32 shown in Fig. 3 has the configuration in which 
addresses are split every two bits, for example, and the single 
word line of the memory array 31 should be able to be selected 
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using the two bits. 

Accordingly, multiple logic gate circuits can be realized 
by a single self -construction circuit. Further, to provide the 
same address configuration as the conventional memory and 
realize the multiple logic gate circuits with a single memory 
array, an address bit other than the input bit needs to be 
compensated, but an address needs not to be compensated if the 
address is split as described above. However, the memory array 
of which the address is not split can also be used by assigning 
a number to each a logic gate circuit that constructs logic to 
be realized and specifying the number combined with the input 
bit as a compensation address for the address of the logic gate 
to be aimed at. 

Fig. 8 is a block diagram showing a second embodiment of 
the self-construction circuit that enables the design technique 
according to the present invention. 

In this embodiment, a data storage 60 and a switch matrix 
70 as a variable switching circuit are added to the self- 
construction circuit of the first embodiment shown in Fig. 2. 
The data storage 60 holds the data read from the memory circuit 
10 or the previous input data input from the data input/output 
terminal 42 and is provided between the input/output & comparator 
20 and the data input/output terminal 42. The switch matrix 70 
is a circuit for supplying the data held in the data storage 
60 to the variable address conversion circuit 30 instead of an 
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input address signal and provided between the address input 
terminal 41 and the variable address conversion circuit 30. 

Besides, the data storage 60, the memory circuit 10 other 
than the switch matrix 70, the input/output & comparator 20, 
and the variable address conversion circuit 30 have quite the 
same configuration as the first embodiment. 

Fig. 9 is a circuit block diagram showing a specific 
example of the switch matrix 70 contained in the self- 
construction circuit (Fig. 8) of the second embodiment. 

The switch matrix 70, as shown in Fig. 9 (A) , is arranged 
in a grid shape so that multiple signal lines 71 to which the 
address signal input to the address input terminal 41 is issued 
and a signal line 72 to which the output signal of the data storage 
60 is issued are mutually intersected and a changeover switch 
circuit 73 is arranged in each intersection of the signal lines 
71 and 72. Simultaneously, a RAM 74 that stores the control 
information of each changeover switch circuit 73 is provided. 

The changeover switch circuit 73, as shown in Fig. 9 (B) , 
is provided with switch elements SWl and SW2 having a pair of 
MOSFETs that complementarily enter the on and off states in order 
to select the address signal input from the address input 
terminal 41 or the output signal of the data storage 60 and output 
it. Further, the gate terminal of the respective switch 
elements SWl and SW2 is constructed so as to be controlled in 
accordance with the control information stored in the RAM 74. 
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However, instead of providing the RAM 74, as shown in Fig. 9 
(c) , the configuration in which the same static memory cell MC 
as the SRAM cell and a changeover switch CSW are provided in 
each intersection of the signal line 71 and the signal line 72 
respectively ought to be also acceptable. 

Fig. 10 is a logical configuration drawing showing a 
specific example of the data storage circuit 60 contained in 
the self-construction circuit (Fig. 8) of the second embodiment . 

The data storage circuit 60, as shown in Fig. 10, is 

provided with flip-flops FF1, FF2, FFn provided 

corresponding to two data lines each of the memory array 11 of 

the memory circuit 10 and AND gates Gl, G2, Gn for forming 

a latch clock of each flip-flop. 

Subsequently, for each flip-flop FFi, the one signal (di) 
of a paired data line is input to a data input terminal D. Further, 
the other signal (Ai) of the paired data line is input to an 
AND gate Gi together with a system clock signal CLK. 
Subsequently, the output signal of this AND gate Gi is input 
to a clock terminal ck of the corresponding flip-flop FFi and 
the input signal to the data terminal D is fetched in the 
flip-flop FFi synchronizing with the trailing or leading edge 
of the signal to the clock terminal ck. 

In the circuit of Fig. 10, when the signal Ai is set at 
the low level, the output of the AND gate Gi is fixed to the 
low level. Accordingly, the corresponding flip-flop FFi will 
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not perform any latch operation even if the system clock CLK 
varies. That is, in this embodiment, the signal Ai is used as 
a signal (hereinafter referred to as active bit) that controls 
whether to fetch data for the flip-flop FFi or not. 

Since the self -construction circuit of the embodiment of 
Fig. 2 described previously can construct a combinational 
circuit, but cannot construct a sequential circuit because an 
output state (output data) is uniquely decided according to an 
input state (input address) . On the contrary, the self- 
construction circuit of Fig. 8 selectively holds the data read 
from the memory circuit 10 in accordance with a certain input 
state by using the data storage 60 having the operation 
characteristics and can control the following input state 
according to the preceding output data by supplying this data 
to the variable address conversion circuit 30 via the switch 
matrix 70. That is, accordingly, the sequential circuit can be 
constructed . 

Fig. 11 shows an example of a flip-flop circuit as an 
example of the logic circuit constructed by the self- 
construction circuit of the second embodiment shown in Fig. 8 
and the HDL descriptive statement . The flip-flop circuit of Fig. 
11 connects each output terminal of two NAND gate circuits Gil 
and G12 to the one input terminal of the other NAND gate circuit. 

The truth table in which the output signal states that 
correspond to the input signals of the two NAND gate circuits 
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Gil and G12 for constructing this flip-flop circuit are indicated 
is shown in the following Table 2. In table 2, Al or A2 is the 
active bit stored corresponding to the input of the memory 
circuit 10. Only when this active bit is "1", the output value 
of the flip-flop indicates that the truth value data of the 
corresponding NAND gate is output. 



Table 2 





InO 


Inl 


In2 


In3 


OutO 


Outl 


dl 


Al 


d2 


A2 
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When the flip-flop circuit as shown in Fig. 11 is 
constructed using the self-construction circuit of Fig. 8, first, 
four input signals InO, Inl, In2, and In3 are input from the 
address input terminal 41 to the variable address conversion 
circuit 30 via the switch matrix 70, and the output data items 
dl, Al, d2, and A2 of the second truth table of Table 2 that 



correspond to the combinations of their input signals are input 
from the data input/output terminal 42 . Accordingly, the output 
data items dl, Al, d2, and A2 of the truth table are written 
to the predetermined address of the memory array 11 of the memory 
circuit 10 using the input signals InO, Inl, In2, and In3 as 
addresses. This embodiment is identical with the first 
embodiment in that the data is read after it is written and 
whether the data is normally written or not is decided, and when 
a write error occurs, the data is written to another address 
by changing the address. 

Next, to set a feedback loop of a flip-flop circuit to 
be constructed, the state of the predetermined flip-flop (for 
example, FF1 or FF2) of the data storage 60 is set. Specifically, 
first, the input signals In2 and In3 are fixed to "0" respectively, 
and with a NAND gate circuit Gil aimed at, the input signals 
InO and Inl are set to "0, 0", "1, 0", "0, 1", or "1, 1" in 
accordance with the data held in the flip-flop FF1 and input 
from the address input terminal 41. 

Subsequently, as shown in the columns a, b, c, and d of 
Table 2 respectively, when the input signals In2 and In3 are 
fixed to "0" together, "1" is read as the active bit Al that 
corresponds to the NAND circuit Gl . Accordingly, the clock CLK 
is supplied to the flip-flop FF1 via the AND gate Gl of the data 
storage 60. As a result, in accordance with the combinations 
of the input signals InO and Inl at that time, the data dl of 
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"1" or "0" is fetched for the flip-flop FF1 . That is, the state 
of the flip-flop FFl is set. 

Next, the input signals InO and Inl are fixed to "0" 
respectively, and with the NAND gate circuit Gil aimed at, the 
input signals In2 and In3 are set to "0, 0", "1, 0", "0, 1", 
or "1, 1" in accordance with the data held in the flip-flop FF2 
and input from the address input terminal 41. 

Subsequently, as shown in the columns a, e, i, and m of 
Table 2 respectively, when the input signals InO and Inl are 
set to "0" together, "1" is read as the active bit A2 that 
corresponds to the NAND gate circuit G2 . Accordingly, the clock 
CLK is supplied to the flip-flop FF2 via the AND gate G2 of the 
data storage 60. As a result, the data d2 of "0" or "0" is fetched 
for the flip-flop FF2 in accordance with the combinations of 
the input signals In2 and In3 at that time. That is, the state 
of the flip-flop FF2 is set. 

Besides, since the flip-flop having two NAND gates shown 
in Fig. 11 feeds back each output signal to the one input terminal 
of the other NAND gate, neither the output OutO nor Outl can 
be set to "0" at the same time. Accordingly, when the states 
of the flip-flop FF1 and FF2 of the data storage 60 are set, 
it needs to be noted that their holding states are not set to 
0 together. 

As described above, after the flip-flops FF1 and FF2 are 
set to a desired state, the storage data of the memory cell that 
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switches CSW31 and the CSW22 enclosed by a dotted line in Fig. 
9 (A) in the control information RAM 74 of the switch matrix 
circuit 70 is rewritten and their switches are switched into 
the output terminal side of the data storage 60 from the side 
of the address input address input terminal 41. Accordingly, 
the input signals of the flip-flop of Fig. 11 are not allowed 
for their input, and the outputs OutO and Outl of the NAND gates 
Gil and G12 are supplied to the next stage variable address 
conversion circuit as the input signal (address) instead. That 
is, accordingly, a feedback loop for a flip-flop will be 
constructed . 

Besides, the system that constructs a logic circuit having 
a desired logical function using the self-construction circuit 
of the second embodiment of Fig. 2 of Fig. 8 in accordance with 
the HDL descriptive statement may be identical with the system 
shown in Fig. 7 that constructs logic using the self-construction 
circuit of the first embodiment shown in Fig. 2. That is, the 
controller 300 constructed separately from the self- 
construction circuit decodes the HDL descriptive statement read 
from the file in which the design data described in the HDL is 
stored and forms and outputs a signal for constructing the 
corresponding logical function in the self -construct ion circuit 
100. 

The procedure of logically constructing the flip-flop 
circuit of such configuration as shown in Fig. 11 is described 
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using the self -construct ion circuit of the second embodiment 
of Fig. 8 according to the HDL descriptive statement based on 
the system of Fig. 7. First, the controller 300 decodes the HDL 
descriptive statement and recognizes that a configuration 
object is a flip-flop circuit. For example, as the address 
signals supplied to the self-construction circuit 100, the 

combinations "0, 0, 0, 0", "1, 0, 0, 0", "0, 1, 0, 0" 

and "1, 1, 1, 1" of the input signals InO, Inl, and In3 shown 
in the truth table of the following Table 2 are generated. 

Then these generated address signals are assigned to the 
address input terminal 41 of the self -construction circuit 100. 
Simultaneously, the controller 300 generates the data that 
corresponds to the outputs Dl and d2 of the truth table and the 
corresponding active bit data items Al and A2 as the write data 
that corresponds to each of the addresses and assigns them to 
the data input/output terminal 42 in parallel to the input of 
the address signal to the self-construction circuit 100 with 
time . 

Subsequently, in the self-construction circuit 100, the 
data is written to the memory circuit 10 in accordance with the 
procedure described using the flowchart of Fig. 5. Accordingly, 
when the input signals InO to In3 of the flip-flop circuit are 
input to the predetermined address input terminal 41 of the 
self-construction circuit 100 after writing terminates, the 
corresponding data items (output data bits dl and d2 and active 
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bits Al and A2 ) stored in the memory circuit are read. 
Subsequently, first, the output data that corresponds to the 
fact that the active bits Al and A2 are "1" is fetched for the 
flip-flop FFi shown in Fig. 10. This is supplied to the variable 
address conversion circuit 30 via the switch matrix 70. 

Accordingly, the next data is read from the memory circuit 
10 in accordance with the previously read data and the signal 
that corresponds to the outputs OutO and Outl of the flip-flop 
circuit is output from the predetermined terminal of the data 
input/output terminal 42. When the self -construction circuit 
according to the embodiment of Fig. 8 is used in this manner, 
flip-flop logic can be constructed by writing the data to the 
memory circuit 10 in accordance with the HDL descriptive 
statement and a desired logical function including a sequential 
circuit is realized. 

Fig. 12 shows an outline of the control procedure of the 
controller 300 that constructs the desired logic circuit. The 
controller 300, first, decodes the HDL descriptive statement 
(step S21) and extracts a combinational circuit and a sequential 
circuit that construct a logic circuit according to the HDL 
descriptive statement (step S22) . Subsequently, a truth table, 
that is, truth value data regarding the extracted combinational 
circuit or the sequential circuit is generated (step S23) . The 
data is written the memory circuit 10 of the self -cons truction 
circuit 100 and the variable address conversion circuit 30 is 
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set up (step S24) . 

Further, when the controller 300 decodes the HDL 
descriptive statement and decides that the extracted logic 
circuit is the sequential circuit, the circuit connection 
information of the sequential circuit to be aimed at is extracted 
(step S25) . Subsequently, the control information stored in the 
control information RAM 74 of the switch matrix circuit 70 is 
generated and written (step S26) . 

Fig. 13 shows a third embodiment that enables the design 
technique according to the present invention. 

In this embodiment, the multiple self-construction 
circuits 100 as shown in Fig. 8 are arranged on a single 
semiconductor chip in a matrix shape and a vertical wiring area 
110 and a vertical wiring area 120 are provided between the 
respective self -construction circuits . A switch matrix circuit 
130 is provided that can selectively couple a signal line in 
the intersection between the horizontal wiring area 110 and the 
vertical wiring area 120. Further, a switch matrix circuit 140 
for selectively coupling the address input terminal of each 
self-construction circuit 100 with the signal line of the 
vertical wiring area 120 and a switch matrix circuit 150 for 
selectively coupling the data input/output terminal with the 
signal line of the vertical wiring area 110 are provided. 

By providing the multiple self -construction circuits 100 
on a single semiconductor chip, a larger scale logic integrated 
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circuit having a desired logical function can be constructed 
in accordance with the HDL descriptive statement. 

Fig. 14 shows a fourth embodiment of the self-construction 
circuit that enables the design technique according to the 
present invention. 

In this embodiment, a self -construction circuit 100 ' shown 
in Figs. 2, 8, and 13, an HDL storage 200' that stores the design 
data described in the HDL as shown in Fig. 7, and an HDL controller 
300' that forms and outputs a signal for decoding the HDL 
statement and constructing the corresponding logical function 
using the self -construction circuit 100 are provided. 

Hereupon, the HDL controller 300' that decodes the HDL 
statement has the same configuration as a CPU of a microprogram 
control system, for example, that is, it can construct a memory 
(micro ROM) that stores a microprogram in which the procedure 
for processing each HDL language is described, a control circuit 
that performs the read sequence control of the memory, and a 
decoder circuit that decodes the read microinstruction and forms 
a control signal. Since the HDL is massive and the syntax is 
also comparatively simple, it can sufficiently be constructed 
on a single semiconductor chip with the current semiconductor 
integrated circuit technique. 

Besides, Fig. 14 shows that the memory circuit 10 of which 
the main unit is a memory array and the variable address 
conversion circuit 30 are arranged in a memory space . This means 
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that the memory array 11 that constructs the memory circuit 10 
and the memory array 31 that constructs the variable address 
conversion circuit 30 may be also arranged in another area of 
the same memory array. The address decoders 12 and 32, 
comparator 14, data storage 60, and switch matrix 70 are 
collectively shown as an addressing circuit. 

Since the data storage 60 described in the embodiment of 
Fig. 8 is a kind of a memory, it can be also arranged in another 
area in a memory array together with the memory array 11 that 
constructs the memory circuit 10 and the memory array 31 that 
constructs the variable address conversion circuit 30 in 
accordance with the same idea as described above. Further, an 
HDL storage that stores the design data described in the HDL 
ought to be also constructed so as to be arranged in another 
area of a single memory array together with the memory array 
11 that constructs the memory circuit 10. 

The invention produced by this inventor is specifically 
described above based on the embodiment. However, the present 
invention is not limited to the above embodiment, and, needless 
to say, can variously be modified within the range where its 
point will not be deviated. For example, a logic gate circuit 
to be constructed is not limited to a NAND gate, but may be also 
a NOR gate, an AND gate, and an OR gate. Further, a flip-flop 
circuit to be constructed is also limited to that having only 
two NAND gates as shown in Fig. 11, but may be also an RS flip-flop 
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having a reset terminal and a set terminal. 



INDUSTRIAL APPLICABILITY 

In the above description, the invention produced by this 
inventor is mainly described quoting a design technique of a 
logic integrated circuit that is a field of application as its 
background. However, the present invention is not limited to 
this design technique. For example, the present invention can 
also be used in the development of a semiconductor integrated 
circuit in which a logic circuit and an analog circuit are mixed 
on a single semiconductor chip. 
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CLAIMS : 

1. A semiconductor integrated circuit, comprising: 
storing means that enables reading and writing; 
comparing means that compare write data supplied to the 

storing means with data read from the storing means; and 

variable address converting means that convert an address 
signal supplied to the storing means based on a comparison result 
in the comparing means, wherein an input signal of a logic circuit 
having a desired logical function is input as the address signal 
to the storing means, and wherein the data is written to the 
storing means so that the read data of the storing means can 
be obtained as an expected output signal with respect to the 
input signal of the logic circuit. 

2. A semiconductor integrated circuit according to claim 
1, wherein a plurality of the storing means, a plurality of the 
comparing means, and a plurality of the variable address 
converting means are provided on a single semiconductor chip. 

3. A semiconductor integrated circuit according to claim 
1 or 2, wherein the storing means are a volatile memory. 

4 . A semiconductor integrated circuit according to claim 
1, 2, or 3, wherein the variable address converting means 
comprise: a memory array in which a plurality of memory cells 
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are arranged in a matrix shape; an address decoder that selects 
the memory cells in the memory array based on an input address 
signal; reading means that amplify a signal read from the memory 
array; and operating means that update the input address signal 
based on a control signal. 

5. A semiconductor integrated circuit according to claim 
4, wherein the memory array has the volatile memory. 

6. A semiconductor integrated circuit according to claim 
1, 2, 3, 4, or 5, further comprising: data holding means that 
can hold the data read from the storing means; a switch matrix 
that switches the input address signal or an output signal of 
the data holding means and can supply it to the variable address 
converting means; and the storing means that store the control 
information of each switch in the switch matrix. 

7 . A semiconductor integrated circuit according to claim 
6, wherein the data holding means comprise: latching means that 
can latch first data read from the memory circuit; and gate means 
that permit or do not permit latching of the first data to the 
latching means based on the first data read from the memory 
circuit . 

8. A method for constructing a logic integrated circuit, 
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wherein the logic integrated circuit having a desired logical 
function is constructed by decoding design data of a function 
level described in HDL by control means using the semiconductor 
integrated circuit according to claim 1, 2, 3, 4, 5, 6, or 7 
and assigning to the self-construction circuit a signal that 
decides a logical configuration of a self -construction circuit 
capable of constructing optional logic from the control means. 

9 . A method for constructing the logic integrated circuit 
according to claim 8, wherein the control means are formed on 
the same semiconductor chip as the self-construction circuit. 

10. A method for constructing the logic integrated 
circuit according to claim 9, wherein a storage that stores the 
design data of the function level are formed on the same 
semiconductor chip as the control means and the self- 
construction circuit. 

11. A semiconductor integrated circuit, comprising 
storing means that hold information obtained from a description 
in which a logical function is represented in hardware 
description language and obtain the output of the logical 
function that complies with an input signal from the output 
terminal, using the signal supplied to the address terminal as 
the input signal. 
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12. A semiconductor integrated circuit according to 
claim 11, wherein the logical function includes a combinational 
logical function. 

13. A semiconductor integrated circuit according to 
claim 12, wherein the logical function includes a sequential 
logical function. 

14. A semiconductor integrated circuit according to 
claim 11, wherein the storing means are read- and write-enable 
storing means. 

15. A semiconductor integrated circuit according to 
claim 11, wherein converting means that form the information 
written to the storing means from the description represented 
in the hardware description language and the storing means are 
formed on the same semiconductor chip. 

16. A semiconductor integrated circuit according to 
claim 15, wherein the storing means that hold the description 
represented in the hardware description language are formed on 
the semiconductor chip. 
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//External Declaration 
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); 
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input InO; 
input In1; 

wire InO; 
wire In1; 
reg OutO; 

always @ (InO or In1) begin 

//Block 1 
case (InO, In1) 
2'b 00: 

Out0=1'b1 
2'b 01: 

Out0=1'b1 
2'b 10: 

Out0=1'b1 
2'b 11: 

Out0=1'b0 
default 

endcase 
end 

endmododule // nand1_gate 

//External Declaration 

module nand2_gate( 
In2. 
In2. 
Out1); 

//Internal Declarations 

input In2; 
input In3; 

wire In2; 
wire In3; 
reg Out1; 

always @ (In2 or In3) begin 

//Block 1 
case(In2, In3) 
2'b 00: 

Out1 = 1'b1 
2'b 01: 

Out1 = 1'b1 
2'b 10: 

Out1 = 1'b1 
2'b 11: 

Out1 = 1'b0; 
default 

endcase 
end 

endmododule // nand1_gate2 
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input In1; 

output OutO; 

output Out1; 

wire InO; 

wire In1; 

reg OutO; 

reg Out1; 

//Local declarations 

//Instaces 

nand1_gate( 

.InO (InO), 

.In1 (Out1), 

.OutO (OutO), 

); 

nand2_gate( 
.In2(OutO), 
.In3(In3), 
.OutO(Outl) 

); 

endmodule // ff model 
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